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DERMAL SPECIFICITY* 
RAUL FLEISCHMAJER, M.D. AND STEFAN KROL, A.R.I.C. 
ABSTRACT 
The present tudy was undertaken to ascertain whether regional dermal specificity could 
be demonstrated at the molecular level. Dermis was obtained from the following areas of 
White Leghorn roosters: comb, wattle, trunk (feathers), leg (scales) and ear lobes. There 
were significant differences in the concentration of water, collagen and acid mucopoly-
accharides (AMP). There were qualitative differences in the patterns of distribution of 
non-fibrous proteins. Two pools of AMP were noted: those of the ground substance and 
tho e insoluble or presumably bound to collagen. Differences in concentration and patterns 
of distribution of AMP, among the regions analyzed, supports the concept of dermal 
specificity. 
It i well known that the epidermis is not a 
uniform structure but shows regional specificity. 
Thus, phenotypic and morphogenetic character-
istics vary among uch area · as the scalp, face 
and palms. On the other hand, it is more difficult 
to outline regional pecificity within the dermis 
since its morphogenetic features are not as well 
defined as those of the epidermi . On light micro -
copy with special stain it i possible to evaluate 
certain tructural characteristics of dermal con-
nective tissue . uch as cellularity, concentration 
and distribution of collagen and acid mucopoly-
saccharides (AMP). The pre ent study was 
undertaken to a certain whether reo-jonal speci-
ficity of the dermis could be demonstrated at the 
molecular level. hemical analy is wa performed 
on dermis obtained from various skin areas of the 
White Leghorn rooster. The kin of the rooster 
offers the advantage of bowing di tinct regional 
difference . 
MATERIAL A D METHODS 
The roost.er were sacrificed by exsanguination 
and specimens were obtained from each of the 
following areas: comb, wattle , trunk (feathers), 
leg (scales), and ear lobe. The feathers from the 
trunk area. ·were plucked. The epidermis was 
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removed by stretching and scraping and the 
subcutaneous tissue was carefully removed by 
dissection. 
Chemical analysis of the tot.al dermis . Water con-
tent was determined by weighing the specimens 
before and after lyophilization. The dry specimens 
were passed through a Wiley micro-mill and con-
verted to a powder. Aliquots were used for the 
estimation of hydroxyproline (Stegemann) (1) 
hexoses (anthrone) and hexasomines (Boas) (2). 
Acid mucopolysaccharides were extracted by 
digestion with papain and trypsin according to 
the method of Schiller et al. (3), and determined 
quantitatively by estimating uronic acids (car-
bazol method) (4). Identification of AMP was 
achieved by cellulose acetate electrophoresis in 
equal parts of 0.11\1[ cooper acetate-0.1 M calcium 
acetate buffer, pH 3.6. About 2 microliters of 0.1% 
solutions were placed on the strips and run at 1.5 
Mamp per strip for 3 hours and stained overnight 
with Alcian blue, pH 3.0. 
Sol·uble collagens. Aliquots of each dermal speci-
men were extracted with 1M NaCl (20 ml/ g dry 
weight) in a Virtis homogenizer, for 20 minutes in 
the cold. This operation vvas repeated 3 times. 
The residue was then extracted in a similar fash-
ion, with 0.1 M citrate buffer , pH 3.8. Aliquots of 
the N aCl and citrate buffer extracts were hydro-
lyzed with 6 N HCl in vacuum sealed tubes at 
110° C for 24 hours and used for estimation of 
hydroxyproline content. 
Analysis of water and weak salt-soluble denna.l 
substances. Ali.quots (1 g, dry weight ) of the vari-
ous samples of dermis were extracted with 40 ml of 
distilled water by stirring for 48 hours at 4°C. 
Total soluble proteins \Yere determined by Lowry 's 
method (5) . The extracts were lyophilized and 
analyzed for protein content (Lowry), hexoses, 
hexosamines , uronic acids and sialic acids (thio-
barbituric ac id method (6). Dermal aliquots were 
also extracted with 0.15 M N aCI and soluble pro-
teins studied by acrylamide gel electrophoresis 
using a modification of the Haymond's technique 
(7) which consisted fo an adaptation of the Orn-
472 
DERMAL SPECIFICITY 473 
FIG. 1. Wattle-(a) The collagen is distl·ibuted on the upper and lower dermis (Gomori's 
trichrome). (b) Large amounts of AMP in the middle layer (Alcian blue, pH 2.5) X 1 . 
stein method (8) to the vertical slab gel electro-
phoresis . The spacer gel consisted of 3.5% acryla-
mide, 1 N HCl, Tri and TEMED, pH 6.7while the 
running gel consisted of 7% acrylamide gel in Tris-
glycine buffer, pH 8.9. Samples were run for 1 hour 
at 300 volts (13 Mamp per sample) and stained for 
proteins with amido black. 
HydroxypToline, hexoses and hexosamines in 
gelatins. Dermal specimens were exhaustively 
extracted in the cold with 1M NaCl, 0.1 N Na2-
HP04, citrate buffer pH 3.6 and 6 M urea, pH 7.0. 
The insoluble residues were converted into gela-
tins by autoclaving for 16 hours. The gelatins were 
lyophilized and aliquots were used to estimate 
hydroxyproline, hexoses and hexosamines . 
A.cid mucopolysacchaTides. Dermal, dry speci-
mens were first extracted with 1M N aCI (20 ml / gr 
dry weight) in a Yirtis homogenizer , for 20 min-
utes, at 4° C. This operation was repeated 3 times. 
The residue was then extracted successively with 
0.1 N Na2HP04 citrate buffer pH 3.8 and 6 M urea 
in a similar fashion as described above. The NaCl 
extract and the final residue were dialyzed inten-
sively against distilled water in the cold and 
lyophilized. TheN aCl extract consisted mostly of 
acid mucopolysaccharides (AMP), non-fibrous 
proteins and small amounts of soluble collagen. 
The final residue consisted mostly of insoluble 
collagen (10-14% hydroxyproline). The NaCl 
extract and the residue were digested with papain 
and trypsin (3). Concentration of AMP was esti-
mated by m·onic acid content. Identification of 
AMP wa achieved by electrophoresis as described 
above. 
H istochemistry. Specimens from each region 
were fixed in buffered formalin and sections 
stained with hematoxylin and eosin, Gomori's 
trichrome, periodic acid-Schiff, Gomori's reticu-
hlm, Alcian blue pH 0.5 ( ulfated mucopolysa -
charides) and 2.5 (non-sulfated mucopolyEaecha-
rides ) and aldehyde fuchsin. 
RESULT 
Histology. 'I'he structural or<ranization of the 
various dermal . pecimen>:. can be een in Figure 
1-5. The comb consi ·ted of 3 di. tinct area . . The 
upper layer shovved a rather dense band of col-
lagen fibers; the middle area revealed a few 
i alated collagen fiber. and large amount. of 
AMP (non-sulfated); the lower layer consi._ ted of 
a band of dense collagen fibers. Alcian blue at pH 
0.5 (for sulfated AMP) was negative in the cen-
tral area but wa po itive in the upper and lower 
layers where the collagen was concentrated. The 
dermis of the wattle wa similar to the comb 
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FIG. 2. Comb-(a) The horny layer and the epidermis are thick. Note dense collagen 
bands in t he upper and lower dermis (Gomori's trichrome). (b) Large amounts of AMP in 
the middle layer (Alcian blue, pH 2.5) X 18. 
except for it upper layer which consisted of 
loo e collagen intermingled with nonsulfated 
AMP. Both the trunk and ear lobe dermi con-
sisted of den e collagen fibers and sulfated and 
non-sulfated A 1P appeared uniformily distrib-
uted throughout the dermis. However, the ear 
lobe dermi wa much more cellular than that of 
the trunk area. The leg area revealed dense, 
coar collagen fiber with AMP, mostly non-
sulfated, concentrated in the upper cutis near the 
epidermal ba ement membrane. 
Chemi try. The concentrations of the various 
compoun ls analyzed were estimated on a wet and 
dry weio·ht basis (Table I and II). On a wet basis, 
there were ignificant differences in the concen-
tration of water and collagen. Non-fibrous pro-
teins and hexoses revealed slight differences. 
Hexo amine and uronic acids predominated in 
the wattle and comb areas. On a dry weight basis, 
there were ignificant difference in the concen-
tration of non-fibrou proteins and hexoses. 
Hexo amine and uronic acid again predomi-
nated in the wattle and comb area , although 
there were some differences within the other 
dermal areas analyzed. Table III hows the con-
centration of hydroxyproline, hexoses and hexos-
amines in the gelatins. The leg collagen revealed 
more hydroxyproline content than the collagen 
from the other areas. There were considerable 
differences in the concentration of hexoses. It has 
been shown that hexoses are linked to the col-
lagen molecule (9) although it i not known 
whether they participate in inter or intra molec-
ular cross-linkages. The hexosamine present in 
our gelatins may be constituents of an AMP, 
most likely dermatan sulfate or a chondroitin 
sulfate (see below). 
The analysis of the water dermal extract is 
reported on Table IV. This extract consists of 
non-fibrous proteins and acid mucopolysac-
charides. The non-fibrous protein are repre-
sented by serum proteins and other soluble 
proteins, most likely ynthesized "in situ" (1 0) . 
The nature and function of these proteins is not 
well understood, although they may be important 
constituents of the inter titial compartment. The 
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FIG.[3. Trunk-The epidermis is thin. Coarse 
collagen bundles appear throughout the dermis. 
The clear areas represent subcutaneous tissue. 
There is a feather muscle on the right (Gomori's 
trichrome) X 17. 
FIG. 5. Ear lobe-The epidermis is thin. The 
dermis consists of coarse collagen bundles and mod-
erate cellularity (Gomori's trichrome) X 18. 
""' ·--, 
I 
l 
FIG. 4. Leg-Note a scale with a thick horny layer. The dermis consists of thick collagen 
bundles (Gomori's trichrome) X 40. 
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TABLE I 
analysis of the total dermis 
Wattle Comb Trunk Leg 
mg/100 mg wet weight 
Water 81.00 88.00 69.00 57.00 
Collagen 9.10 4.40 11.50 23 .90 
Non-fibrous 2.30 0.91 2.00 2.30 
proteins 
Hexo es 0.21 0.19 0 .16 0.17 
Hexosamines 0.26 0.32 0.08 0 .08 
Uronic acids 0.13 0.32 0.02 0 .04 
Average of two separate experiments. 
TABLE II 
Chemical analy.~is of the total dermis 
Wattle Comb Trunk Leg 
mg/g dry weight 
Collagen 444.00 370.00 370.00 555.00 
~ alt olnble 8 .70 5.20 8.10 4.90 
Acid soluble 1.60 0 .74 0 .22 2 .81 
Non-fibrous 111.90 76.00 64.00 54 .00 
proteins 
Hexoses 11 .00 16.00 5.00 4.00 
Hexosa.mines 13.50 27.00 2.65 1.85 
ronic acids 8.50 26.00 0.80 0.83 
Average of two separate experiments. 
TABLE III 
Ear 
lobe 
77.00 
11.40 
2.70 
0.23 
0.10 
0.04 
Ear 
lobe 
496.00 
7.20 
0.81 
119.00 
10.00 
4.10 
1.80 
Concentration of hydroxyproline, hexoses and 
hexosamines in gelatins 
Wattle Comb Trunk Leg Ear lobe 
mg/100 mg dry weight 
Hydroxy pro- 11.10 11.10 12.10 14.40 10.50 
line 
Hexoses 0.75 0.85 0.50 0.33 0.70 
Hexosamines 0.70 0.60 0.31 0.25 0.33 
Average of 3 separate determinations. 
concentration of non-fibrous proteins in the water 
extracts of the 5 regions analyzed showed no 
ignificant differences. However, with acrylamide 
gel electrophoresis (Fig. 6), we could demonstrate 
qualitative and quantitative differences in the 
pattern of distribution of these proteins. 
The relative amounts of the different AMP's 
of the total dermis is reported in Table V. The 
wattle and comb contained only hyaluronic acid, 
but the other areas showed differences in the 
pattern of distribution of hyaluronic acid and 
sulfated AMP. Table VI shows the concentration 
of AMP in the N aCl extract (ground substance) 
and that present in the final residue (mostly 
collagen). A significant percentage of the AMP 
was found in the final residue of the wattle leg 
. ' 
and ear lobe areas. The patterns of distribution 
of AMP in the N aCl and residue fractions is re-
TABLE IV 
W ateT dermal extract 
Wattle Comb Trunk Leg Ear lobe 
mg/ g dry weight 
Protein 502.0 405.0 464.0 480.0 508.0 
Hydroxypro- 1.6 2.8 2.1 3.1 1.1 
line 
Hexoses 25.0 25.7 20.0 24.0 22.0 
Hexosamines 64.0 108.0 8.5 9.0 7.3 
U ronic Acids 72.0 82.0 3.5 5.5 2.3 
Sialic Acids 15.0 11.0 11.0 12 .0 12.0 
Average of 3 separate determinations. 
TABLE V 
DistTibution of acid mttcopolysaccharides 
Wattle Comb Trunk Leg 
Acid mucopolysaccharides 
% 
Hyaluronic Acid 100 100 20 17 
Dermatan Sulfate 80 66 
Chondroitin Sulfate 16 
Average of 3 separate determinations. 
TABLE VI 
Concentration of dermal m·onic acids 
Wattle Comb Trunk Leg 
mg/g dry weight 
1M NaCl 4.40 25.00 0.63 0.45 
Final residue 2.10 3.90 0.19 0.42 
Total 6.50 28.90 0.82 0.87 
Average of 3 separate determinations. 
I 
Ear 
lobe 
I 
13 
10 
77 
Ear 
lobe 
0.85 
0 .59 
1.44 
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ported in Table VII. In the NaCl fractions the 
wattle and comb showed a similar AMP pattern, 
but there were significant differences within the 
other regions. This difference in the pattern of 
distribution of AMP in the ground substance is 
indicative of regional dermal specificity. In the 
insolub1~ residue, the predominant Al\1.P was 
dermatan sulfate with the exception of the ear 
lobe where chondroitin sulfate predominated. 
Furthermore, the comb and wattle contained 
30-36% hyaluronic acid while the other areas 
only contained 12-17%. 
TABLE VII 
DeTmal mucopolysaccharides separated by cellulose 
acetate electroph01·esis 
r aCl extract (%) Insoluble residue (%) 
HY DS cs HY DS cs 
------
-- ----
Comb 81 9 10 30 70 0 
Watt le 73 14 13 36 61 3 
Trunk 36 60 4 14 86 0 
Leg 27 41 32 17 71 12 
Ear lobe 37 17 46 12 18 70 
HY: hyaluronic acid; DS: dermatan sulfate; 
CS: chondroitin sulfate. 
Average of 3 separate determinations. 
&LBUMIN 
TMNSPERJtiN T 
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DISCUSSION 
This study suggest that the dermis cannot be 
regarded as a uniform structure. Distinct dermal 
regional specificity can be demonstrated by chem-
ical analysis of the various components of the 
connective tissue including soluble non-fibrous 
proteins, collagen and acid mucopolysaccharides. 
These differences are often quantitative; how-
ever, with some compounds, particularly AMP, 
they are also qualitative. 
It is apparent that there are two pools of AMP, 
those of the ground substance and those insoluble 
or presumably bound to coHagen. Toole and 
Lowther (11) working with bovine hides noted 
that extractions with 1 l\1. NaCl removes mainly 
hyaluronic acid while the residue retains most of 
the dermatan sulfate, which appears to be bound 
to collagen. The association of sulfated AMP and 
collagen has also been suggested by l\1.athews 
(12). Our data also suggest that the Al\1.P present 
in the final residue are probably bound to col-
lagen, since they also resisted extraction with 6 M 
urea. Since collagen and AMP are synthesized by 
mesenchymal cells, presumably fibroblasts, our 
findings suggest that the e cells may have differ-
ent phenotypes depending upon the dermal region 
where they are located. Also it should be noted 
that during embryonic development, mesen-
II 
T 
EAR LOBE 
FIG. o. Acrylamide gel electrophoresis of non-fibrous soluble proteins 
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chymal cells migrate from the various derma-
tomes to corresponding regions of the skin to 
become dermal constituents. Thus, one may 
hypothesize that the phenotypic make-up of 
dermal fibroblasts may be determined by their 
ite of origin in the intermediary mesoderm. 
There is a considerable body of data available 
suggesting that the determination of epidermal 
pecificity is dependent on an interaction between 
epithelial cells and their homotypic me enchyma 
(13, 14). l\1oreover, it appears that preservation 
of epidermal specificity throughout adult life may 
still be dependent on a continuous modulating 
effect of the dermis (15, 16). One may hypo the ize 
that regional differences in phenotypic informa-
tion of mesenchymal cells may not only determine 
the structural, physical and chemical character-
istics of the dermis, but may also be responsible 
for its pecific modulating effects upon the sur-
rounding epidermis. 
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